Fas (CD95) is a cell surface death receptor belonging to the tumor necrosis factor receptor superfamily, which mediates apoptosis-inducing signaling when activated by Fas ligand or its agonistic antibody. lpr mice with a loss of apoptosis-inducing function mutation in Fas gene develop systemic autoimmune disease and lymphadenopathy but not allergic inflammation. In the case of Fas mutations including lpr and knockout (KO), background genes determine the incidence and severity of lymphadenopathy and
Introduction
Apoptosis is a physiological cell suicide mechanism essential for normal embryonic development and the maintenance of homeostasis. Depression of apoptosis causes cancer, autoimmune diseases and viral infective diseases, whereas an excess of apoptosis generates neurodegenerative diseases, immunodeficiency diseases and hepatopathy (1) . Fas (CD95/Apo-1) is a cell surface receptor belonging to the tumor necrosis factor receptor superfamily which introduces apoptosis-inducing signals into cells via ligation with Fas ligand (FasL) or agonistic anti-Fas mAb (2-5). Fas expression was observed in various tissues including thymus, spleen, heart, lung, liver and ovary, and high levels of Fas are expressed on T and B lymphocytes especially when they are activated (6-8). The Fas/FasL system has been clarified to be the principal component of the peripheral immune system to eliminate autoreactive cells by analyses using loss-of-function mutants of Fas and FasL.
Mice with loss-of-function mutations in Fas (lpr) (7) or FasL (gld) (9) progressively increase accumulation of B and T cells, in particular unusual
CD3
+ B220 + CD4 -CD8 -T cells, called lpr cells. They develop systemic autoimmune disease with the production of autoantibodies and an immunopathology similar to that seen in human systemic lupus erythematosus (SLE) and other rheumatic diseases (10).
The incidence and severity of lymphoproliferation, autoantibody production, and histopathological manifestation of systemic autoimmunity in lpr and Fas knockout (KO) mice are considerably affected by genetic background. MRL-lpr/lpr mice exhibit severe In this study, we generated Fas-deficient mice with the Balb/c background (Balb/c Fas KO mice). As reported elsewhere, C57BL/6 Fas KO mice mildly develop systemic autoimmune disease but hardly develop allergic inflammation (14, 15) . To our astonishment, Balb/c Fas KO mice, in addition to their development of severe autoimmune disease, spontaneously manifest blepharitis with not only autoimmune inflammation with deposition of autoantibody but also allergic inflammation with infiltration of eosinophil and mast cell, and show the capacity to produce hyper serum levels of IgG1 and IgE. This is the first report indicating the novel function of Fas to suppress the outbreak of allergic inflammation.
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Methods

Mice
Specific pathogen-free (SPF) Balb/c mice were obtained from CLEA Japan, Inc. Fas KO mice (14) had been maintained in our laboratory. The Fas KO mice on the Balb/c background were generated by backcrossing with Balb/c mice for more than 12 generations and maintained. MRL/MpJ-lpr/lpr mice were purchased from Japan SLC,
Inc. All experiments in this study were performed according to the guidelines for animal treatment at the Institute of Laboratory Animals (Kyoto University).
Histological examination
Organs were fixed in 4% paraformaldehyde, embedded in paraffin, sectioned at 4 µm and stained with hematoxylin and eosin, or Toluidine blue O.
ELISA
An ELISA kit for IL-4 and IFN-γ (R&D Systems), antinuclear antibodies (ANA) and anti-SSA Ab (Diagnostic Automation, Inc.) were used. Serum levels of mouse IgE and IgG1 were measured by ELISA as described previously (16).
In vitro stimulation of CD4 + T cells
Purified splenic CD4 + T cells from mice by MicroBeads (Miltenyi Biotec, Bergisch-Gladbach, Germany) (10 5 cells in 0.2 ml/well in 96-well plates) were cultured --6 with immobilized anti-CD3 and anti-CD28 Abs (each 1 µg/ml for coating) for 2 days in RPMI 1640 supplemented with 10% fetal bovine serum, 2-ME (50 µM), L-glutamine (2 mM), penicillin (100 U/ml) and streptomycin (100 µg/ml). After incubation, supernatants were harvested and tested for IL-4 and IFN-γ by ELISA. Fas KO mice than the other mice (Fig. 3) . By 20 weeks, half of Balb/c Fas KO mice presented with a high serum IgE level (>5 µg/ml), (Fig. 3) . Because a high serum IgE level was reported to play an important role in the induction of both local and systemic allergic reactions in vivo (17) , the dramatically high serum IgE level might be responsible for the outbreak of blepharitis in Balb/c Fas KO mice.
Statistical analysis
Previously several mechanisms were reported to induce hyper production of IgE. One mechanism is overproduction of Th2 cytokines including IL-4 from proliferating CD4 + T cells biased toward Th2 (18, 19) . We, however, showed that Total splenic CD4 + T cells from WT and BALB/c Fas KO mice were cultured with immobilized anti-CD3 and anti-CD28 (each 1 µg/ml for coating) for 2 days.
Concentrations of IL-4 (A) and IFN-γ (B) in supernatants were measured by ELISA.
Each symbol represents a single mouse. *; p<0.01, and **; P<0.005. 
